The objectives of this study were to determine the psychological fatigue and analyze muscle activity of production workers who are performing processes jobs while standing for prolonged time periods. Methods: The psychological fatigue experienced by the workers was obtained through questionnaire surveys. Meanwhile, muscle activity has been analyzed using surface electromyography (sEMG) measurement. Lower extremities muscles include: erector spinae, tibialis anterior, and gastrocnemius were concurrently measured for more than five hours of standing. Twenty male production workers in a metal stamping company participated as subjects in this study. The subjects were required to undergo questionnaire surveys and sEMG measurement. Results: Results of the questionnaire surveys found that all subjects experienced psychological fatigue due to prolonged standing jobs. Similarly, muscle fatigue has been identified through sEMG measurement. Based on the non-parametric statistical test using the Spearman's rank order correlation, the left erector spinae obtained a moderate positive correlation and statistically significant (r s = 0.552, p < 0.05) between the results of questionnaire surveys and sEMG measurement. Conclusion: Based on this study, the authors concluded that prolonged standing was contributed to psychological fatigue and to muscle fatigue among the production workers.
Introduction
Today, the world population is estimated about 6.9 billion, with 3.1 billion number of workers [1] working in more than 55 major industrial sectors [2] . While providing job opportunities, a large number of workplaces in the industrial sectors may lead to occupational injuries if there is no awareness or concern regarding occupational health and safety. According to United States Bureau of Labour Statistics, in 2008, there were 3.7 million cases of non-fatal occupational injuries and 5,214 cases of fatal occupational injuries among industrial workers in United States [3] . In addition, occupational injuries have an effect on direct medical costs and indirect losses in wages and productivity. As an example the total cost of fatal and non-fatal occupational injuries were estimated at USD 11.5 billion in 2002 in the construction industry alone [4] .
In industrial workplaces, several risk factors associated with occupational injuries have been identified, among them is prolonged standing. Usually, many process jobs at workstations require workers to perform in the standing position. Standing is a practical working position when the workers are handling heavy equipment and products, reaching materials and goods, and pushing and pulling excessive loads, because the processes require frequent movements and large degree of freedom. When the processes jobs are not suitable and nearly impossible to perform in the sitting position, the workers have to stand throughout their working hours.
A previous study defined worker exposure to prolonged standing as spending over 50% of total working hours during a full work shift in the standing position [5] . Prolonged standing in the workplace can cause discomfort and muscle fatigue especially in the lower extremities of workers by the end of the workday. Discomfort or subjective fatigue can be linked to psychological fatigue and it has been recognized as a factor in the decline of alertness, mental concentration, and motivation [6] . Usually, the psychological fatigue due to prolonged standing can be assessed subjectively through questionnaire surveys [7] , use of the Borg Scale [8] , use of the Body Part Symptom Survey form [9] , or use of the Visual Analogue Scale [10] . Muscle fatigue on the other hand can be identified technically by observing the changes in amplitude and frequency of electromyogram (EMG) signals over time [11] . When signal amplitude increases and power spectrum shifts to a lower frequency, it indicates that the assessed muscles are in a condition of fatigue [12] [13] [14] . As recognized by many research works, surface electromyography (sEMG) is one of the reliable techniques that can be used to evaluate muscle fatigue [9, 11, [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Furthermore, an insufficient rest period during periods of standing coupled with improper designs in footwear and of the workstation, not only lead to discomfort and muscle fatigue, but can even cause occupational injuries in the long term. In a worst case scenario, the effects of prolonged standing may result in performance decrement, such as low productivity and efficiency, increased medical costs, and demoralized workers. For example, when a worker is experiencing injuries or discomfort due to prolonged standing, the conditions may bother him or her to perform their job efficiently. In addition, workers who suffered from occupational injuries must be referred to clinical experts for health treatment, which definitely involved a substantial amount of consultancy and medication costs. If the injuries are not recovered from in a short time, the employer has to find someone to replace the injured worker. The employer incurs further costs, searching for and training a new worker for the same position. Additional costs may be incurred if the new employee is incompetent for the position.
The chain of this cause-effect provides a strong argument to justify the studies in prolonged standing is significant to workers, industry owners, and to the national economy as a whole. In recognizing the importance of managing jobs that require prolonged standing, this study was performed. The initial objective of this study was to determine the psychological fatigue experienced by the workers due to performing process jobs that require prolonged standing. Concurrently, this study performed analysis on muscle fatigue in the left and right erector spinae (lower back), left and right tibialis anterior (anterior legs), and left and right gastrocnemius (posterior legs) of workers when they are performing process jobs during prolonged standing.
Materials and Methods
This study has performed 2 major tasks; determine the psychological fatigue experienced by the production workers regarding performing processes jobs in prolonged standing; and measure and analyze the muscle activity of workers performing process jobs in prolonged standing.
Determination of psychological fatigue
Psychological fatigue was determined through questionnaire surveys. In the questionnaire, the workers are required to fill up the personal information addressing employee number, age, gender, working experience, body mass, body height, name of work department, job description, and working schedule. In addition, the questionnaire surveys were performed to investigate the level of psychological fatigue experienced by the workers while performing process jobs with prolonged standing. The question was: The question is attached with pictures of the lower back, posterior legs, and anterior legs (Fig. 1) to assist the workers to identify the body parts that are fatigued. In addition, answers regarding level of fatigue could be given on a Likert scale from 0 to 4, and was adopted from ISO 20646 [24] .
Analysis of workers' muscle activity
The following sections provide the procedures and methods of applying sEMG to determine the muscle fatigue and time-tofatigue experienced by workers in positions that required prolonged standing.
Twenty production workers from a metal stamping industry were recruited as subjects into the study. Among them, ten workers were selected from the metal stamping process
www.e-shaw.org lines, and another ten were recruited from the handwork section. The selected subjects represented more than 80% of the total production workers of both departments. The selection of the subject is based on the working position and health condition. To fulfill the basic requirement of this study, only workers who performed processes jobs in prolonged standing and had experienced no injuries for the past 12 months were allowed to participate in the study [14] . All subjects were given a written consent using procedures approved by the Research Ethics Committee of Universiti Teknologi MARA. The demographic of the selected workers enrolled into the study are listed in Table 1 .
The sEMG (ME3000P4; MEGA Electronics, Kuopio, Finland) and MegaWin Software (MEGA Electronics) were used to record, store, and analyze all the data regarding the muscle activity of the subjects. The sEMG system is equipped with electrodes to detect the myoelectric signal of a subject, while he is performing jobs in prolonged standing. The electrodes were attached conscientiously to the subject's skin to measure the activity in the 6 muscles: left and right erector spinae, left and right tibialis anterior, and left and right gastrocnemius. In the measurement and analysis of standing jobs, the selected muscles are suggested by the established guidelines [25] and a recent review article [26] . Fig. 2 shows the placement of the sEMG electrodes to measure fatigue in the selected muscles.
We measured all muscles concurrently for 5 hours and 45 minutes of continuous standing to quantify muscle fatigue in the lower extremities of subjects, as might be encountered over an average workday. To determine the effects of prolonged standing in the muscles at different working periods, the sEMG measurements were conducted for 1 hour and 15 minutes of standing in the beginning of the workday (9:00 a.m. to 10:15 Values are presented as mean (standard deviation).
Fig. 2.
Surface electrodes (Ag/AgCl) are attached over the erector spinae muscles (lower back), gastrocnemius muscles (posterior legs) and tibialis anterior muscles (anterior legs).
www. To ensure that the sEMG protocols were complied with, we attached electrodes on respective muscles and a physiotherapist was consulted before the evaluation was carried out. The setting of the sEMG system during the measurement was based on sEMG for the Non-Invasive Assessment of Muscles [27] . The settings were as follows:
• The measurements of muscle activity were conducted based on real-time monitoring. All electrodes were connected to a data logger and the electromyography signals from the data logger are monitored through a lap top screen using a wireless network. Before starting the muscle activity measurement, the personal details of the subject are recorded in the MegaWin software. At the beginning of the measurement, the subject was given sufficient time to familiarize and practice the sEMG system. The subject was informed that he had to perform the process jobs under his own control and should immediately report any feeling of pain or discomfort, so that the sEMG measurement could be terminated. Once all measurement settings were ready, the subject was asked to perform his regular process job.
Then, the raw signals from the sEMG measurement are interpreted through fast fourier transform using software available in the sEMG system to determine muscle fatigue. A curve was then fitted to the mean power frequency (MPF) values to identify the fatigue in the muscles. Additional analysis from the sEMG measurement is time-to-fatigue. Time-to-fatigue can be explained as the time when the change in the electromyography data became significant [28] . Muscles tend to fatigue with an increase in the duration of standing. The square root of mean squared error (√MSE) was used as a method to identify the variability in the median frequency (Hz). When the median frequency (Hz) exceeded the √MSE value, it represents the time in the job cycle give significant chance for muscle fatigue [28] .
The t-test (paired two-sample for means) was used for comparison of time-to-fatigue between the 2 groups of workers. To determine the correlation between psychological fatigue and sEMG measurement, a non-parametric test using the Spearman's rank order correlation (r s ) was run.
Data collection in the workplace
As a basic requirement of this study, data collection in the actual workplaces required participation of production workers who performed processes jobs in standing position. In this study, the data collection in the workplace was carried out through questionnaire surveys, and by measurement and analy- www.e-shaw.org sis of workers' muscle activity. Workers who participated in the questionnaire survey were also invited for sEMG measurement. In other words, both assessments were conducted on the same workers who responded to the questionnaire, and served as subjects for the sEMG measurement.
A metal stamping company situated in Shah Alam, Malaysia was selected to perform the data collection. In the production department of the company, all workers are males and have national citizenship. The workers had 12 hours shifts, with 2 shift periods within each 24 hours period. There were 2 main work departments from which workers were drawn for the study: stamping process lines and handwork section. The stamping process lines produced metal stamped parts for vehicle assembly, while the handwork section performed restoration on the products from the metal stamping process lines. All process jobs in both sections required workers to stand because the nature of jobs are repetitive, require frequent movement, and large degree of freedom. In addition, the workers at the stamping process line are exposed to mechanical vibration due to high impact between a plunger of the stamping machine and die. The cyclic load transfers its vibration to the workers' body through the machine foundation and thus transmits wholebody vibration (WBV).
Results

Results of the psychological fatigue
In the left and right erector spinae muscle (lower back), 8 subjects reported moderate fatigue and 5 subjects complained of being very fatigue. Half of the subjects complained of being very fatigue in the left and right gastrocnemius muscle (posterior legs); while, 2 of the workers were extremely fatigue. In the tibialis anterior muscle (anterior legs), moderate fatigue was prevalent (11 subjects); meanwhile, very fatigue and extreme fatigue were reported by 4 subjects and 1 subject, respectively. All subjects reported fatigue in one or more of the assessed muscles. Based on the results, the complaint of being very fatigue was critically reported in the gastrocnemius muscle (posterior legs).
Results of muscle fatigue analysis
The analysis of muscle fatigue within each working session found that the trend of the MPF average (Hz) in the left erector spinae fluctuated at the beginning of the workday. The MPF average (Hz) in the left erector spinae decreased gradually from 60.40 Hz at 9:00 a.m. to 58.90 Hz at 9:30 a.m., and then increased from 63.45 Hz at 9:45 a.m. to 63.65 Hz at 10:15 a.m.. In contrast, the MPF average (Hz) of the right erector spinae increased marginally from 50.00 Hz at 9:00 a.m. to 56.00 Hz at 9:45 a.m., but it decreased from 57.10 Hz to 54.50 Hz at the last 30 minutes as shown in Fig. 3 . Meanwhile, the trend of the MPF average (Hz) for other muscles at all working sessions shows a steady decrement as shown in Figs. 3-5 .
On the other hand, the trend of MPF average (Hz) between working sessions shows an inconsistency, as illustrated in Fig. 6 . The MPF average (Hz) of the right gastrocnemius muscle decreased steadily for all working sessions: beginning of the workday, middle of the workday, and end of the workday (Fig. 6) . Its MPF average (Hz) decreased from 107.1 Hz (beginning of the workday) to 106 Hz (middle of the workday) and 105.3 Hz at the end of the workday. On the other hand, the MPF average (Hz) for other muscles fluctuated during the 3 working sessions. In addition, it was observed that the MPF av- www.e-shaw.org erage (Hz) in the left muscles was greater than the right muscles for all subjects. For example, the MPF average (Hz) of the left tibialis (92.3 Hz) is higher than the MPF average (Hz) of the right tibialis (90.3 Hz) at the beginning of the workday. Table 2 tabulates the time-to-fatigue in each muscle for both groups of workers (metal stamping process lines and handwork section) during beginning of the workday. The authors present the results of time-to-fatigue by referring to the mean values. Among workers in the metal stamping process lines, the earliest time-to-fatigue was identified in the right gastrocnemius muscle (20.2 minutes); whereas, the latest time-to-fatigue was noticed in the left gastrocnemius muscle (46 minutes). In the handwork section, the right gastrocnemius muscle obtained the earliest time-to-fatigue (21.7 minutes); meanwhile, the right tibialis anterior muscle recorded the latest time-to-fatigue (39.1 minutes). The 2 groups of workers did not show any significant difference in time-to-fatigue. Table 3 presents the time-to-fatigue in each muscle for both groups of workers during middle of the workday. In metal stamping process lines, the earliest time-to-fatigue was identified in the right gastrocnemius muscle (18 minutes); meanwhile, the latest time-to-fatigue was found in the right tibialis anterior muscle (27.5 minutes). Among workers in handwork section, the right gastrocnemius muscle obtained the earliest time-to-fatigue (26.8 minutes); in contrast, the latest time-tofatigue was observed in the left tibialis anterior muscle (37.5 minutes). As tabulated in Table 3 , the 2 groups of workers show significant differences in time-to-fatigue (p < 0.05) in the left and right erector spinae muscle, and the left and right gastrocnemius.
Results of time-to-fatigue analysis
In Table 4 , this study outlines the time-to-fatigue in each muscle for both groups of workers during end of the workday. In metal stamping process lines, the earliest time-to-fatigue was identified in the right gastrocnemius muscle (15.6 minutes); meanwhile, the latest time-to-fatigue was observed in the right tibialis anterior muscle (26.2 minutes). Among workers in handwork section, the right gastrocnemius muscle obtained the earliest time-to-fatigue (20.8 minutes); in contrast, the latest time-to-fatigue was observed in the right erector spinae muscle (37.5 minutes). Similar to middle of the workday, the 2 groups of workers show significant differences in time-to-fatigue (p < 0.05) in the left and right erector spinae muscle, and the left and right gastrocnemius (Table 4) .
Correlation between results of questionnaire surveys and sEMG measurement
Based on the non-parametric statistical test using the Spearman's rank order correlation, the left erector spinae obtained a moderate positive correlation and statistically significance (r s = 0.552, p < 0.05) between the results of the questionnaire surveys (psychological fatigue) and sEMG measurement (muscle fatigue). Additionally, a weakly positive correlation was found between psychological fatigue and muscle fatigue assessments for other muscles. Table 5 summarizes the strength and direction, as well as the significance level, of the correlation between the results of questionnaire surveys and sEMG measurement.
Discussion
Through questionnaire surveys, this study revealed that all workers worked on a 12 hours shift schedule, where workers at the metal stamping process lines worked day shift only; while, workers at the handwork section worked both day and night shifts. Throughout the 12 hours, the workers spent about 80% of the working time in standing position (only sitting during breaks). The long standing period has far exceeded the threshold limit of standing time [9] . Obviously, all workers have to stand because they require frequent movements and large degree of freedom to perform the process jobs. For example, workers at the metal stamping process lines have to reach the workpieces from the pallet and feed the workpieces to the stamping machine synchronize with the machine speed. Thus, the working practice would be practicable if to be performed in standing position. In addition, the stamping machine had insufficient clearance between workers' legs and machine platform; hence, the machine design does not allow workers to perform stamping process in sitting position. The working area was also restricted. In addition, the workers had to perform metal stamping process that was repetitive in nature throughout their working hours. The handwork section on the other hand is a department, which requires workers to accomplish repair and restoration works on products produced by the metal stamping process. Major activities at the handwork section are grinding and knocking processes using manual methods. Similar to metal stamping process lines, all workers at the handwork section performed the jobs in standing position, because they require a large degree of freedom, especially while performing grinding process on large products. In addition, workers at the handwork section exposed to risk factor associated with extreme working posture. The extreme posture was observed when they have to bend, extend, and flexed their bodies to reach far area of the product that is to be grinded. Continuous exposure to this posture requires workers to apply more effort as compared www.e-shaw.org to being in a neutral position. This working practice is a potential contribution to discomfort, muscle fatigue, and lower back pain [29, 30] . As a summary, the working conditions have promoted discomfort and muscle fatigue to the workers because:
1. The metal stamping process has to perform in standing position throughout 12-hour working hours. 2. The workstation design and processes jobs have led to extreme working postures. 3. The processes jobs are repetitive in nature thus limiting ample recovery time. 4. The jobs require cyclic process and the working area was limited and thus working in static standing posture is practiced. 5. The stamping machines generated mechanical vibration and the vibration is transferred to workers' body the through standing foundation. Continuous exposure to vibration initiates muscle fatigue and increases the risk of lower back pain [31] [32] [33] [34] .
Due to the above mentioned working conditions, it was found that fatigue had occurred in the lower extremities, such as the lower back (erector spinae muscle), posterior leg (gastrocnemius muscle), and anterior leg (tibialis anterior muscle) and were critically complained by the workers. The reported fatigue can be linked to performing jobs in standing position [35] . Standing for a long period of time causes static contraction mainly in the back and legs. As static contraction occurs, the function of calf muscle diminishes, thus resulting in discomfort and muscle fatigue. In addition to the static muscle contraction, the posture of the workers was deviated significantly from neutral posture especially when they performed the jobs in bending, extension, forward and side flexion, thus placed more stress in the back.
The analysis of muscle fatigue within each working session found that the trend of the MPF average (Hz) for the muscles shows a steady decrement at all working sessions (except for the erector spinae at the beginning of the workday). As agreed by previous studies, decrement of MPF average (Hz) in the particular muscles is one of the indications of fatigue [36, 37] . Meanwhile, the trend in MPF average (Hz) between working sessions shows an inconsistency (Fig. 6 ). This is due to the breaks (morning break and lunch hour) that were provided to the workers between the working sessions allowed the muscles to recover from the fatigue. The time and foods taken by the workers during the breaks refreshed their energy and slightly diminish the fatigue due to previous work activities.
Through sEMG measurement, it was observed that the right gastrocnemius muscle appeared to experience fatigue earlier than other muscles for all working sessions. In average, the right gastrocnemius muscle suffered from fatigue after 20 minutes of standing. This finding, however, did not agree with a previous study, which identified fatigue occurring after 2 hours of continuous standing [38] . The difference in time-tofatigue can be justified through the activities of subjects. The subjects involved in this study performed demanding tasks (metal stamping and hand grinding processes), which can accelerate muscle fatigue, meanwhile the subjects in the previous study performed light tasks (small object assembly, currency sorting, and card dealing).
As illustrated in Fig. 7 , the beginning of the workday appeared to cause later fatigue for all muscles, except for the right gastrocnemius muscle. In contrast, the end of the workday www.e-shaw.org showed slightly earlier signs of fatigue than the middle of the workday. Additionally, corresponding to Figs. 7, 8 , the timeto-fatigue of the right gastrocnemius muscle did not show a homogeneous trend compared to other muscles. In terms of working sessions, it was observed that the right gastrocnemius muscle at the middle of the workday experienced fatigue slightly later than beginning and end of workdays (Fig. 7) . In Fig.  8 , further analysis found that workers who performed jobs at the metal stamping process lines seemed to suffer fatigue later than those at the handwork section during beginning of the workday. Moreover, the comparison of time-to-fatigue between work departments revealed that the right gastrocnemius muscle of workers at the metal stamping process lines experienced fatigue earlier than handwork section (Fig. 8) . Based on these two variations, this study assumed that the position of legs has determined the muscle activity. Through observation carried out by this study, one foot in front and other one at the rear was the most regular position practiced by the workers while performing jobs at their workstations. So, the gastrocnemius muscles (posterior legs) have a flexibility and mobility that are effectively to alleviate the incessant force in the muscle. Another factor is exposure to WBV, which is discussed in the next section.
In the case study, workers at the metal stamping process lines were exposed to WBV. The stamping machines, capacities ranging from 300 tons to 1,200 tons generate mechanical vibration due to high and repetitive impact between the machine's plunger and the die. The cyclic load of the machine transfers its vibration to the workers' body through the machine foundation and causing WBV.
Among the 2 work departments, muscles of workers at the metal stamping process lines were observed to experience fatigue later than those at handwork section during beginning of the workday as shown in Fig. 8 . In other words, exposure to 1 hour and 15 minutes of WBV induced muscles of workers at the metal stamping process lines to be vigorous. However, the muscles of workers at the metal stamping process lines appeared to experience fatigue rapidly for middle of the workday, and end of the workday as illustrated in Figs. 9, 10 respectively. Based on this situation, long term and continuous exposure to WBV (2 hours and 2.5 hours during middle of the workday and end of the workday respectively) have contributed to fatigue in the muscles. Furthermore, low frequency of vibration generated by the stamping machine can be another contributor to fatigue. Many studies in occupational health, safety and ergonomics believed that continuous exposure to WBV initiated muscle fatigue and increase the risk of lower back pain [31] [32] [33] [34] 39, 40] . In a radiological study, it was proven that continuous exposure to WBV causes morphological changes in the lumbar spine thus lead to back pain [41] . In addition, over exposure to WBV in daily job activities can lead to various health implications such as damage of central nervous system, insomnia, headache and shakiness, and decreased job proficiency [42] .
This study proposes several solutions as control measures to minimize muscle fatigue associated with prolonged standing. Standing with intermittent sitting is the best solution to minimize discomfort and muscle fatigue associated with prolonged standing tasks. Sitting is a much less strenuous posture than standing, mostly because it requires fewer muscles to be contracted to stabilize the body. In addition, when the processes jobs are performed in sitting position, the loading on the upper limbs will be uniformly distributed through the seat pan www.e-shaw.org [43] , hence reduces the loading on the lower limbs. However, sitting in long periods of time is also not good for the health. Alternate the standing and sitting positions using sit-stand stool enable the workers to perform the jobs in sitting as well as standing position. Moreover, the sit-stand stool is equipped with a foot rest to provide comfort to the workers' legs. Also, it can be rotated 360 degrees so that the workers can reach the materials without twisting their body and consequently enlarge the degree of freedom to do the jobs. Besides, comfort shoe design, adequate work rest, and applying anti-fatigue mat could be alternative solutions to minimize the risk of discomfort and muscle fatigue associated with prolonged standing.
By using the approach of engineering controls, application of anti-fatigue mat on the standing surface of workstation can absorb pressure in the workers' feet due to hard standing floor [44, 45] . Alternatively, providing a soft shoe-insole can reduce fatigue in the feet due to body mass and workload while performing processes jobs in prolonged standing [46] . In cases where engineering controls are impossible to be implemented, administrative controls such as providing micro breaks in the working hours can be applied to minimize muscle fatigue due to prolonged standing. It has been proven that providing breaks in the working hours can minimize risk of leg swelling due to prolonged standing [7] .
The initial objective of this study was to determine the psychological fatigue experienced by production workers regarding performing process jobs in a position of prolonged standing. This study concluded that all workers experienced fatigue in the lower back (erector spinae muscle), posterior legs (gastrocnemius muscle), and anterior legs (tibialis anterior muscle).
The second objective of this study was to analyze workers' muscle activity while performing processes jobs in prolonged standing. Through sEMG measurement, this study identified that all muscles suffered from fatigue. Apparently, the right gastrocnemius muscle of the workers at the handwork section experienced fatigue after 20 minutes of standing. Meanwhile, the muscles of workers at the metal stamping process lines suffered from fatigue quickly at the middle and end of the workdays. Statistical analysis found that there is a positive association between results of psychological fatigue and muscle fatigue assessments; hence this study confirmed that prolonged standing was the contributor to muscle fatigue among the production workers.
